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INTRODUCTION
Spatial and spectral high resolution remote sensing images acquired from drones are a source of information of high degree of relevance, but the variations of Digital Number -DN introduced in these kind of images make their correction very difficult.
Variations of radiometric measurements in remote sensing images are caused by several factors related to the physical environment. The anisotropy of the spectral response of targets is a result of its Bidirectional Reflectance Distribution Function -BRDF. The BRDF effects introduce variations in radiance measured in different acquisition and lighting geometries (Peltoniemi et al. 2007 , Markelin et al. 2008 , Honkavaara et al. 2012 . This anisotropy combined with the variation of the irradiance of these targets produces variations in the radiometric values, which are undesirable for many applications. This type of problem has been addressed by several researchers, which are interested in the plant cover information (Li and Strahler 1986 , Vermote et al. 2009 , Bréon and Vermote 2012 . Alternatives to perform radiometric correction of aerial images taken from piloted and remotely piloted aerial systems (RPAS) have been more recently developed (Pros et al. 2013 ).
Radiometric correction approaches of multispectral and hyperspectral images taken from RPAS have been developed mainly for applications in agriculture where the canopies are frequently almost flat. In Brazil, mechanized annual crops surfaces, as well as sugarcane cultivation have this kind of geometry. However, some permanent crops, such as those for the production of orange, lemon, mango, coffee, among others, have a canopy in which the tops of the plants and the lines between them form a mosaic that creates a 3D texture.
There is a great interest in the development of imaging systems to monitor these crops, as this kind of system can produce images which have great potential for detecting diseases as well as nutritional plants deficiency. However, the radiometric and geometric correction of images acquired at low altitude with RPAS of this type of target remains a complex task, mainly due to the effects of the micro relief generated by the trees canopies. Images taken at low altitude, with ground sample distance (GSD) around 10 cm or smaller have high frequency variations both in geometry and radiometry. Jakob et al. (2017) presented a solution for the geometric and radiometric calibration of high spatial resolution images with a GSD of 3.25 cm in rugged regions with low density of vegetation cover, since mineral prospection was the subject of interest in this job. The main problem faced in that work was the high variation of the micro-relief. Honkavaara et al. (2013) presented a solution in which hyperspectral images taken from RPAS were processed both geometrically and radiometrically to produce a georeferenced mosaic in which the standard Reflectance Factor for the nadir is represented. A bundle block adjustment was used to estimate orientation parameters followed by digital surface model generation, which were the start point of the proposed algorithm. Following, illumination correction and a BRDF correction based on the model developed by Walthall et al. (1985) were applied to correct the anisotropy effects. Variations of the solar illumination and other disturbances can be corrected by different approaches, including measures of irradiance in a sensor placed over the RPAS, or by a cosine sensor in the terrain. It is also feasible to model factors causing radiometric differences between overlapping images (illumination variations, BRDF, and other effects) and to use a radiometric block adjustment to calculate model parameters that minimize radiometric differences between images.
The plant crowns in permanent cultivation show complex variations since the density of shadows and the irradiance of the surface vary due to the geometry of illumination and the geometry of the arrangement of branches and leaves. The shape of the plant crowns can be roughly modelled by a digital surface model (DSM). The spectral reflectance factor can be estimated for the nadir position based on this DSM and the illumination geometry. In this sense, despite the solution proposed by Honkavaara et al. (2013) had been optimized for nearly flat canopy crop field, it can also be used for orange production fields.
In this work, an evaluation of the radiometric quality of the mosaic of an orange plantation produced using images captured by a hyperspectral imager based on a tunable Fabry-Pérot interferometer (FPI) and applying the method by , is presented. Considering that a healthy plant should present only random variations around its average reflectance factor over its crown, a trend analysis was performed based on observations extracted from a sample of transects to check the hypothesis that the spatial distribution of the values may show spatial tendency.
Study area
The study area is an orange production farm which belongs to the AGROTERENAS which is a partner company in the development of this work. It is located in Guacho farm, city of Santa Cruz do Rio Pardo in the Sao Paulo State, Brazil. Figure  1 shows the location of this area. The coordinates of the study area in the WGS84 system are 22°47'42.14"S and 49°23'46.28"W. The aerial and field surveys were carried out on March 22, 2017. The area which was imaged is shown in Figure 2 . 
METHODOLOGY
The analysis of the radiometric quality of an orange production plantation, more specifically the radiometric quality on the top of the plant was developed according to the following steps: i) Image acquisition; ii) Dark current correction and radiometric calibration; iii) Geometric processing with bundle block adjustment; iv) Radiometric block adjustment; v) Tree delimitation; vi) transect design on the top of sample plants; vii) Analysis of variance applied on the squared residuals of polynomial regression and the average calculated from each transects pixels.
Image acquisition
The Rikola Hyperspectral Camera, Figure 3a , a hyperspectral imagery sensor developed by Senop Ltd. (http://senop.fi/) was used for image acquisition. This camera has two complementary metal oxide semiconductor (CMOS) frame sensors based on the FPI (Oliveira et al., 2016) . It is able to acquire images from the visible to the near-infrared (VIS-NIR) and one or two spectral bands simultaneously. In addition, the camera can be connected to a global positioning system (GPS).
A quadcopter RPAS was equipped with this FPI spectral camera, Figure 3b , which was configured to acquire 25 narrow spectral bands with 2.5 cm GSD with flight height of 36 m.
The Rikola Camera was configured to take images in the spectral bands centred on the following wavelengths, 
Image processing
Dark current correction was performed using a dark image acquired before the flight, and the radiometric calibration using a calibration file provided by the manufacturer both on the images acquired. The Hyperspectral Imager software provided by Senop Ltd was used for both procedures.
The Interior Orientation Parameters (IOP) were estimated using the on-job calibration, performed with AgiSoft PhotoScan in order to reconstruct the camera geometry. This AgiSoft PhotoScan was used to refine the Exterior Orientation Parameters (EOP) of three reference bands, for image orientation. The reference bands were centred in 559.53 nm, 679.84 nm and 769.89 nm. The GNSS GPS sensor from the camera was used to estimate the initial images position.
Then, a DSM of the area with 2.5 cm of GSD was produced by dense matching method with AgiSoft PhotoScan as well. The BRDF and illumination variation caused by differences in the geometry of illumination and viewing during the imaging acquisition were corrected by applying the method proposed and presented by Honkavaara et al. (2013) , Hakala et al. (2013) and Näsi et al. (2016) .
As the last step in the mosaic production process it is necessary to transform DN to physical values in the images. In this sense, the empirical line method (Smith and Milton, 1999) was applied. Black, grey and white targets were placed in the study area to be used as radiometric reference. Figure 4 shows targets used in the hyperspectral image mosaic production: (A) Targets for geometric correction, (b) Targets for radiometric correction. 
Trend analysis
It was drawn lines at the top of the orange plant samples to choose samples of pixels to be evaluated. These samples of pixels were used to evaluate the radiometric variation of the mosaic spectral reflectance of the pixels along these trajectories. Therefore, it was drawn four directions on each crown of orange plant in order to check the spectral reflectance factor variation along all of these geometries. Figure 5 shows all lines which were adopted to choose the pixels of the sample transect. The wavelengths sampled were two in the visible and two in the near-infrared since that each pair of bands are acquired by different sensor in the camera. The bands centres adopted to develop the analysis were: 550 nm and 660 nm in the visible spectral region and 720 nm, 800 nm in the nearinfrared. Thus, images acquired by each sensor were evaluated.
Trend analysis was applied to the values of a sample of transects extracted from plants appearing in the mosaic. It is not expected that there is a trend in the energy values reflected at any wavelength of a healthy plant crown transect, but only random variations around the mean. Considering the flat hemisphere shape of the crown of an orange tree, it was decided to limit the evaluations for linear and quadratic (parabolic) spatial trends. This trend analysis is based on parameters presented in Table 1 . Figure 5 shows the transects on the crown of orange plants and where are the pixels of the sample to be analysed.
RESULTS AND ANALYSIS
The Table 2 . Mean, Standard deviation and Sum of square errors of the samples crowns spectral reflectance factor of the pixels along transects.
Polynomial adjustment results are presented in Table 3 . Table 3 . Parameters of polynomials and the residuals of the sample crowns spectral reflectance factor of the pixels along transects.
Finally, the ANOVA was performed based on residuals of average, Linear and quadratic polynomials which parameters are shown in Table 2 and Table 3 . The results of trend analysis are presented in Table 4 . The transect direction "a" was considered without linear trend by the highest number of tests. It indicates this is a direction that was better calibrated. But, the transect direction "c" presented the highest number of linear and quadratic trend. These differences can be related to the crown shape and solar illumination angle at the aerial surveying.
The 550 nm wavelength presented the lower number of accepted trend, it was 11 quadratic polynomials and 10 linear which were rejected. Then, the algorithm performed better to this wavelength than the others. The samples which represent 660 nm, 720 nm and 800 nm were accepted as presenting quadratic trend as follows: 21, 21 and 19. Quadratic trend could be a result related to the shape of crowns.
The analysis of variance accepted 65 linear polynomials as trend and 74 quadratic ones as well. But another comparison between Linear and quadratic polynomials accepted 20 linear polynomials as trend while 41 quadratic ones. These accepted polynomials as a trend were shown in the Table 3 with the cell fulfilled in gray. The number of radiometric values along transects presenting trend is higher than half of the transect samples evaluated. The total amount of transect which do not presented trend were 18. However, it is also noted the highest absolute value of the linear polynomial angular coefficient was 0.00319 with -0.00024 as average value, which is almost zero. The highest absolute value of the first order term quadratic polynomial coefficient (a1) was 0.0126 and the second order term (a2) was 0.000169, which denote low radiometric trend on the plant crowns.
CONCLUSION
This study evaluated 96 transects considering 4 different directions and 4 different wavelengths. There were spectral and direction selectivity to the radiometric calibration. It was concluded that more than half of radiometric samples had trend, but the low values of coefficients showed that these trends are too smooth which could not affect spectral analysis of plants in a permanent kind of agricultural production.
Reason for these trends was that current model does not compensate for the impacts of the sky view factor and the terrain slope when the object topography is highly varying. In the future the model will be enhanced in order to obtain accurate calibration also in this type of environment.
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